
Method of Forming Shallow Trench Isolation Structure 



5 Field of the Invention 

The present invention relates to a method of forming a shallow trench isolation 
(STI) structure, and more particularly, to a method of forming a shallow trench 
isolation structure by using a wet etching method. 

10 Background of the Invention 

In the very large scale integration (VLSI) process, an integrated circuit is usually 
composed of many metal oxide semiconductor (MOS) transistors. There are three 
kinds of the MOS transistors, the N-channel MOS (NMOS) transistor, the P-channel 
MOS (PMOS) transistor, and the complementary MOS (CMOS) transistor, wherein the 
15 CMOS transistor is composed of the NMOS transistor and the PMOS transistor. As 
the increasing of the integration of the semiconductor devices, the CMOS transistor 
that consumes less energy is being substituted for the NMOS transistor and the PMOS 
transistor gradually, and is becoming the most used MOS transistor. 

20 In the use of the CMOS transistor, the NMOS transistor and the PMOS transistor 

in the CMOS transistor have to be isolated in order to prevent the function of the 
CMOS transistor from disappearing temporarily or permanently, i.e. resulting in 
latching up. In the recent semiconductor process, the trench isolation is an isolation 
technique applied wide to the CMOS transistor. 

25 



i 




Referring to FIG. 1 to FIG. 5, showing the cross-sectional diagrams of 
conventional forming a shallow trench isolation structure on the substrate. Firstly, the 
thermal oxide layer 102 with the thickness of about hundred A composed of silicon 
dioxide is formed as the oxide layer on the substrate 100 by the furnace process. 
5 Therein, the thermal oxide layer 102 is also called as the pad oxide layer, as a result of 
the weaker adhesive force of the silicon nitride to the silicon, so that a layer of the 
silicon dioxide is formed on the silicon substrate to assist the deposition of the silicon 
nitride before depositing the silicon nitride. Subsequently, the silicon nitride layer 
104 is deposited on the thermal oxide layer 102, for example, by the low pressure 
1 0 chemical vapor deposition (LPCVD), as shown in FIG. 1 . 

Then, the active area and the shallow trench 106 are defined on the substrate 100, 
for example, by the photolithography and the dry etching, and the structure is formed as 
shown in FIG. 2. Referring to FIG. 3, after the shallow trench 106 is defined, an 
15 oxide layer 108 is deposited by the chemical vapor deposition and covers the shallow 
trench 106 and the silicon nitride layer 104. 

Referring to FIG. 4, the oxide layer 1 08 is polished subsequently by the chemical 
mechanical polishing and the polishing is stopped until the underlying silicon nitride 
20 layer 104 is about exposed. Thereafter, the silicon nitride layer 104 is stripped by the 
clean bench and by the high selectivity of the hot phosphoric acid (H3PO4) used in the 
clean bench. Then, the thermal oxide layer 102 is removed by the wet etching while 
using the hydrofluoric acid (HF) as the etching solution, so that the shallow trench 
isolation structure 1 10 as shown in FIG. 5 is formed. 
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In the process of forming the shallow trench isolation structure described above, 
the chemical mechanical polishing process not only costs too much but also has to 
utilize the reaction between the slurry of chemical solution and the layer's surface, and 
the particles of the slurry can cause lots of micro-scratch on the surface of the shallow 
5 trench isolation structure so that the active area is damaged. In addition, the stress 
induced by the thicker silicon nitride layer causes great damage to the thinner thermal 
oxide layer and the oxide layer of the flash memory, however, the conventional 
chemical mechanical polishing process can't reduce or control effectively the thickness 
of the silicon nitride layer and the oxide layer of the shallow trench isolation structure. 

10 

Summary of the Invention 

According to the conventional method of forming the shallow trench isolation 
structure, the chemical mechanical polishing process costs too much and the slurry 
causes many micro-scratch on the surface of the shallow trench isolation structure and 
15 damages the active area. In addition, the chemical mechanical polishing process can't 
reduce or control effectively the thickness of the silicon nitride layer and the oxide 
layer. It is therefore, the stress problem is induced by the silicon nitride layer. 

Accordingly, one aspect of the invention is to provide a method of forming the 
20 shallow trench isolation structure, the method of the present invention takes the wet 
etch to replace the chemical mechanical polishing process used in the conventional 
method. The chemical mechanical polishing process costs too much and the particles 
of slurry used in the process can cause many micro-scratch on the surface of the 
shallow trench isolation structure. Accordingly, the present invention can reduce the 
25 process cost, avoid the micro-scratch caused by the slurry, and enhances the throughput 
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yield. 

Another aspect of the invention is to provide a method of forming the shallow 
trench isolation structure, the wet etching used in the method of the present invention 
5 has high selectivity so that the thickness of the silicon nitride layer and the oxide layer 
of the shallow trench isolation structure can be reduced or controlled, and can avoid the 
stress caused by the silicon nitride layer to damage the thermal oxide layer and the 
oxide layer of the flash memory. 

10 For at least the foregoing aspects discussed above, the present invention 

provides a method of forming the shallow trench isolation structure. While forming 
the shallow trench isolation structure in the integrated circuits, the method of the 
present invention etches the oxide layer on the first silicon nitride layer of the active 
area by the wet etching until the first silicon nitride layer is about exposed. Then, the 

15 second silicon nitride layer is deposited, and subsequently a photoresist is formed on 
the second silicon nitride layer to cover the whole shallow trench area. Portions of 
the second silicon nitride layer and the oxide layer are removed by the 
photolithography and dry etching until the first silicon nitride layer underlying is about 
exposed, and the photoresist is stripped by using the wet strip or the dry strip. 

20 Afterward, both the silicon nitride layers is stripped by using the hot phosphoric acid in 
the wet bench, and the thermal oxide layer is removed by the wet etching while using 
the hydrofluoric acid as the etching solution, so that the shallow trench isolation 
structure is formed. Therefore, the shallow trench isolation structure can be obtained 
without the chemical mechanical polishing process by employing the present invention, 

25 and not only the process cost can be reduced but also the yield can be enhanced. 
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Furthermore, the thickness of the silicon nitride layer and the oxide layer can be 
controlled, and the stress problem resulted from the thick silicon nitride layer can be 
avoided in the present invention. 

5 Brief Description of the Drawings 

The foregoing aspects and many of the attendant advantages of this invention 
will become more readily appreciated as the same becomes better understood by 
reference to the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein: 
10 FIG. 1 is a cross-sectional view of a conventional substrate having a thermal 

oxide layer and a silicon nitride layer formed thereon; 

FIG. 2 is a cross-sectional view of a conventional structure after a shallow trench 
is defined; 

FIG. 3 is a cross-sectional view of the conventional structure after an oxide layer 
1 5 is deposited by the chemical vapor deposition; 

FIG. 4 is a cross-sectional view of the conventional structure after polishing by 
the chemical mechanical polishing; 

FIG. 5 is a cross-sectional view of the conventional shallow trench isolation 

structure; 

20 FIG. 6 is a cross-sectional view of a substrate having a thermal oxide layer and a 

silicon nitride layer formed thereon in accordance with a preferred embodiment of the 
present invention; 

FIG. 7 is a cross-sectional view of a structure after a shallow trench is defined in 
accordance with a preferred embodiment of the present invention; 
25 FIG. 8 is a cross-sectional view of the structure after an oxide layer is deposited 
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by the chemical vapor deposition in accordance with a preferred embodiment of the 
present invention; 

FIG. 9 is a cross-sectional view of the structure after wet etching in accordance 
with a preferred embodiment of the present invention; 
5 FIG. 10 is a cross-sectional view of the structure after a silicon nitride layer is 

deposited again in accordance with a preferred embodiment of the present invention; 

FIG. 1 1 is a cross-sectional view of the structure after a photoresist covers the 
shallow trench isolation area in accordance with a preferred embodiment of the present 
invention; 

10 FIG. 12 is a cross-sectional view of the structure after dry etching in accordance 

with a preferred embodiment of the present invention; 

FIG. 13 is a cross-sectional view of the structure after the photoresist is stripped 
in accordance with a preferred embodiment of the present invention; and 

FIG. 14 is a cross-sectional view of the shallow trench isolation structure in 
1 5 accordance with a preferred embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

While forming the shallow trench isolation structure in the integrated circuits in 
the past, it had to use the chemical mechanical polishing process to polish the oxide 

20 layer on the silicon nitride layer of the active area. Due to the high cost of the 
chemical mechanical polishing process and the instability of the slurry used in the 
chemical mechanical polishing process, the process is difficult to achieve uniformity, 
therefore, in order to avoid using the chemical mechanical polishing process, the 
present invention provides a method to form the shallow trench isolation structure by 

25 wet etching, as described below. 
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Referring to FIG. 6 to FIG. 14, showing the cross-sectional diagrams of forming 
a shallow trench isolation structure on the substrate in accordance with a preferred 
embodiment of the present invention. Firstly, the thermal oxide layer 202 with the 
5 thickness of about hundred A composed of silicon dioxide is formed as the device 
oxide layer on the substrate 200 by the furnace process. Therein, the thermal oxide 
layer 202 is also called as the pad oxide layer, as a result of the weaker adhesive force 
of the silicon nitride to the silicon, so that a layer of the silicon dioxide is formed on 
o the silicon substrate to assist the deposition of the silicon nitride before depositing the 
f " j 10 silicon nitride. Then, the silicon nitride layer 204 is deposited on the thermal oxide 
It layer 202, for example, by the low pressure chemical vapor deposition, and the 
f Z structure is formed as shown in FIG. 6. 

Subsequently, the active area and the shallow trench 206 are defined on the 
LJ15 substrate 200, for example, by the photolithography and the dry etching, as shown in 
il FIG. 7. Referring to FIG. 8, after defining the shallow trench 206, an oxide layer 208 

is deposited by the chemical vapor deposition and covers the shallow trench 206 and 

the silicon nitride layer 204. 

20 Referring to FIG. 9, the oxide layer 208 is etched by the wet etching until the 

silicon nitride layer 204 above the edge of the shallow trench 206 is about exposed, and 
the selectivity between the silicon nitride and oxide of the wet etching is high so that 
the end point of the etching can be controlled. In a preferred embodiment of the 
present invention, after the wet etching process is completed, the silicon nitride layer 

25 210 is deposited, for example, by the chemical vapor deposition to cover the entire 
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surface of the oxide layer 208, the shallow trench 206, and the exposed silicon nitride 
layer 204 above the edge of the shallow trench 206, and the structure as shown in FIG. 
10 is formed. However, it is worthy noted that the silicon nitride layer 210 is not 
necessary to be formed while the wet etching process is completed in the present 
5 invention. The purpose of forming the silicon nitride layer 2 1 0 is just to better control 
the thickness of the shallow trench isolation structure 214. 

The character of the present invention is that the thickness of the oxide layer 208 
can be controlled effectively by using the wet etching process, and it is needless to 
: \ 10 form a thicker silicon nitride layer while comparing to the conventional chemical 
: mechanical polishing process. 

s Referring to FIG. 1 1, a photoresist 212 is formed on the silicon nitride layer 210 

to cover the whole shallow trench 206, and then performs a photolithography step on 
r\15 the photoresist 212 by using a photo-mask. Subsequently, portions of the silicon 
)'"[ nitride layer 210 and the oxide layer 208 is removed by the etch, such as dry etching, 
until the silicon nitride layer 204 underlying is about exposed, as shown in FIG. 12. 

Referring to FIG. 13, after the dry etching process, the photoresist 212 is 
20 stripped by using the wet strip or the dry strip so that the silicon nitride layer 210 is 
exposed. Subsequently, the silicon nitride layer 204 and the silicon nitride layer 210 
is stripped by hot phosphoric acid in a wet bench. In addition, the oxide layer 208 
between the silicon nitride layer 204 and the silicon nitride layer 210 is also stripped. 
And the thermal oxide layer 202 is removed by the wet etching while using the 
25 hydrofluoric acid as the etching solution, so that the completed shallow trench isolation 
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structure 214 is formed, as shown in FIG. 14. 



The advantage of the present invention is to provide a method of forming the 
shallow trench isolation structure in the integrated circuits process, it is not necessary 
5 for the method of the present invention to use the chemical mechanical polishing 
process, so that the process cost can be reduced by employing the present invention and 
the micro-scratch formed on the surface of the shallow trench isolation structure that 
are caused by the particles of the slurry in the chemical mechanical polishing process 
" - can be avoided to decrease the yield. In addition, the wet etching used in the method 
10 of the present invention has high selectivity between the silicon nitride and the oxide, 
zz so that the thickness of the silicon nitride layer and the oxide layer of the shallow 
trench isolation structure can be reduced or controlled, and the stress induced by the 
- silicon nitride layer to damage the thermal oxide layer and the oxide layer of the flash 

* memory can be prevented. 

As is understood by a person skilled in the art, the foregoing preferred 
embodiments of the present invention are illustrated of the present invention rather 
than limiting of the present invention. It is intended to cover various modifications 
and similar arrangements included within the spirit and scope of the appended claims, 
20 the scope of which should be accorded the broadest interpretation so as to encompass 
all such modifications and similar structure. 
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